Introduction
Hydropower engineering constitutes a significant part of the overall energy system and relates to renewable energy sources. Currently a surge of public interest occurs to the field of engineering using renewable energy sources. The most efficient power plants based on renewable energy sources are the hydroturbines of the various types. This research is concerned with the study of the interaction of single-acting crank pump with the damless pitch-blade hydroturbine exciting its vibrations with the limited power. With this view we develop a new mathematical model describing the process of interaction of single-acting crank pump with the damless pitch-blade hydroturbine. Connexity of processes occurring in the single-acting crank pump and in the source of energy -in the hydroturbine leads to the qualitatively new effects in their dynamics which cannot be detected through examining the problem in formulation of the ideal excitation. A new model of the motion effect of the single-acting crank pump to the power source -damless hydroturbine is also studied. The special attention is paid to the study of effect of parameters of the single-acting crank pump to the hydroturbine motion modes.
In the papers [1] fundamentals of computation theory and theory of operation of crank piston pumps are illuminated. They show typical pump designs, considered design features and strength calculation of details of hydraulic block.
In the paper [2] torque and power of damless hydroturbine blades in the beginning of the dive and the possibility of their maximum values depending on the position of the blades oriented with respect to the axis of rotation of the hydroturbine were investigated.
In the paper [3] , the study of the dynamics of single-acting crank pump driven by damless hydroturbine is given. The dynamic and mathematical models were composed and the motion equations of damless hydroturbine at a load of single-acting crank pump were obtained.
Paper [4] an original rotary heat pump suggested by the authors is described in the presented paper. All thermo-dynamic processes of working fluid (evaporationcompression -condensation) based on the principle of heat pipe are provided in one volume of mushroom form closed vessel. The transportation of external heat flows is combined in the unit as well. The heat necessary for evaporation is taken from external heat sources, and heat produced by working fluid at condensation is transferred by disk type ventilators. The three components of a new type are applied in the suggested heat pump: hydro-dynamic pump, disk ventilator, and regeneration heat exchanger.
Paper [5] Part IV is focused on improvements in the modeling and analysis of the phenomena bound to the pressure distribution around the gears in order to achieve results closer to the measured values. As a matter of fact, the simulation results have shown that a variable meshing stiffness has a notable contribution on the dynamic behavior of the pump but this is not as important as the pressure phenomena. As a consequence, the original model was modified with the aim at improving the calculation of pressure forces and torques. The improved pressure formulation includes several phenomena not considered in the previous one, such as the variable pressure evolution at input and output ports, as well as an accurate description of the trapped volume and its connections with high and low pressure chambers. The importance of these improvements are highlighted by comparison with experimental results, showing satisfactory matching
Statement of the problem
Design scheme of the crank piston pump, driven by a damless hydraulic hydroturbine, is shown in Fig. 1 . Let us make the following prepositions, simplifications and assumptions: dead volume is missing; sucked liquids are incompressible; there is no friction in the mechanical components of the pump.
We formulate the objectives of the study for the dynamics of the crank piston pump, driven by a hydraulic hydroturbine with radial vanes, as follows: to find regularities characterizing the operation of a piston pump, driven by a damless hydraulic hydroturbine.
Kinematic characteristics of the crank pump piston motion
At the crank pumps, the law of the piston motion is caused by the kinematics of the crank mechanism. If we neglect the influence of the finite length of the piston-rod, i.e.to consider the length of the piston-rod is many times greater than the radius of the crank, then the path traveled by the piston can be associated with an crank angle φ (angle of rotation of the hydraulic hydroturbine) with the following relation ( Fig. 1) .
Velocity and acceleration of the piston are determined by: In a properly operating pump, fluid continuously follows the piston, not coming off from it. Pump flow at the infinitesimal movement of the piston will be ,
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where F is the piston area. From this we can see that, since the piston area F remains constant, the pump flow varies according to the same law as the piston speed.
The equations of the system motion
The equations of the motion for a damless hydraulic hydroturbine with radial blades, when connecting a crank piston pump to them, is determined in [3] and have the following form:
-for a period of suction:
-for a discharge period: , .
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Taking into account the characteristics of the hydraulic hydroturbine drive torque (1), we write the equation of the system motion in the form:
-for a discharge period:
By substituting ,
, we transform the equations of motion for the system (6) to dimensionless form:
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. The differential Eqs. (8) and (9) differ from each other by the coefficients, but have the same form; therefore it is sufficient to solve one of them. Eqs. (8) and (9) are essentially nonlinear, since the nonlinear term is included in the equation without a small parameter.
Solutions of the equations of a motion by the asymptotic methods
We now turn to the solution of the equations of a motion for the system (9) by the asymptotic method [6] Static equilibrium of the system (8), (9) 
The limits of the excitation area of rotational motion of the hydroturbine are plotted by the Eq. (11) and shown in Fig. 2 . It may be noted that in Fig. 2 the surfaces of excitation area of rotational motion of the hydroturbine are plotted on river flow rate parameters 0 , Q the hydro turbine impeller radius and the hydraulic pump discharge head z H . ; , 
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For system (14) we agree to consider the following Cauchy problem:
Following the work [12], we bring: 23  1  2  3   23  1  2  3 , , 
where functions , xz satisfy the following equations:
We will consider that
limitations. Further, with a view to satisfy the conditions of (15), we will assume:
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Let us consider the third equation of the system (19). From the conditions (18) we will find 2  2  2   2  2  3  2  2  2  2  2  3   33  2  3  1  3  44   1  1  3  3  3  2  2  1  3  3  ;  2  4 2  2  2   2  3  2  2  2  2  2  3   2   3  23  4  31  1  3  3  2  2  42   1  3  3  1  3  3  ;  4 4 8 1, 2, 3, 4) and through numerical integration using Runge-Kutta scheme (line 5). As it can be concluded from examining the line 4 in the Fig. 4 , the hy-droturbine ends rotation when a critical point z H = 20 m of elevation of the pressure pipe is achieved. Comparison of curves 2 and 5 demonstrates the good accuracy of the analytical calculation.
The graphs in Figs. 4-9 show that the hydroturbine rotates unevenly. The values of the hydroturbine angular speed at the no-load operation correspond to its maximum values. The minimum value of the angular speed depends on the parameters of the hydroturbine and piston pump and is determined by the μ parameter. The irregularity of rotation is estimated by the coefficient of irregularity:
The  coefficient characterizes the fluctuations in the angular speed with respect to its maximum value.
The smaller the  coefficient, the relatively smaller amplitude of vibrations, and the calmer the hydroturbine rotates. Thus, the coefficient of irregularity depends on the parameters of the piston pump and the hydroturbine. In Fig. 6 , we plot the dependence of the coefficient of irregularity  against the R radius of the hydroturbine impeller, and H z  elevation of the drain-hole of the discharge pipe.
Based on the Fig. 6 we can draw the following conclusions: selecting the parameters of hydroturbine and piston pump the value of the  coefficient of irregularity can be done acceptably small. The maximum value of the angular speed depends only on the hydroturbine parameters. The Figs. 7-9 shows that the maximum value of the angular speed decreases with increasing of the hydroturbine impeller radius and it increases with increase in the value of river flow rate and the hydroturbine blade angle. 
Conclusions
A new model of the motion effect of the singleacting crank pump to the power source -damless hydroturbine is developed and studied. The special attention is paid to the study of effect of parameters of the singleacting crank pump to the hydroturbine motion modes. It was established that the system motion equation is essentially nonlinear and has a large nonlinearity parameter in the first-order derivative, the hydroturbine rotates unevenly and the coefficient of irregularity of rotation of the hydroturbine depends on the parameters of the crank-piston pump and hydroturbine.
The values of the hydroturbine angular speed at the no-load operation correspond to its maximum values. The minimum values of the angular speed depend on the parameters of the hydroturbine and piston pump, and the maximum values of the angular speed depend only on the hydroturbine parameters.
